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Description 

VEHICLE AND METHOD FOR OPERATING 
A VEHICLE TO REDUCE EXHAUST 

EMISSIONS 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a vehicle and a method 

for operating a vehicle to reduce exhaust emissions. 
[0003] 2. Background Art 

[0004] Vehicles have long employed the use of catalysts to re- 
duce engine exhaust emissions. Generally, a catalyst facil- 
itates a reaction between oxygen and unburned hydrocar- 
bons, carbon monoxide, and various nitrogen/oxygen 
compounds, thereby producing carbon dioxide, nitrogen 
and water. One limitation of the use of catalysts is that 
they tend to be ineffective below a certain activation tem- 
perature. Thus, below the activation temperature, un- 
burned hydrocarbons, carbon monoxide and nitrogen/oxy- 



gen compounds can be exhausted from the vehicle and 
introduced into the atmosphere. 
[0005] | n order to address this problem, a number of systems 

have been developed to reduce vehicle emissions prior to 
a catalyst reaching its activation temperature. One such 
system is described in U.S. Patent No. 6,327,852 issued to 
Hirose on December 11, 2001. Hirose describes the use of 
a catalyst in conjunction with an adsorbent as part of an 
exhaust gas emission control apparatus. The catalyst is 
used to reduce emissions after it has reached its activa- 
tion temperature. Before the catalyst has reached its acti- 
vation temperature, the adsorbent is used to adsorb un- 
burned fuel to prevent its release into the atmosphere. 
One limitation of the apparatus described in Hirose, is 
that it relies on a separate device — i.e., the adsorbent — to 
augment the catalyst as part of an emission control sys- 
tem. 

[0006] Another method of controlling exhaust emissions is to 
provide a mechanism for quickly heating the catalyst to 
reduce the amount of time it takes the catalyst to reach its 
activation temperature. One way to quickly heat the cata- 
lyst is to retard the spark timing of the engine. This 
causes the catalyst to be heated more quickly, but results 



in a loss of engine power. Thus, if a driver demands an in- 
crease in engine power, the spark retard must be reduced, 
which causes the catalyst to be heated more slowly, and 
results in more exhaust emissions being introduced into 
the atmosphere. 
[0007] The development of hybrid electric vehicles (HEV's) has 
provided a way to reduce overall engine exhaust emis- 
sions, by reducing the amount of time an engine is run- 
ning. One factor that limits the reduction of exhaust 
emissions in an HEV is that the engine will typically be 
stopped and started many more times than in a conven- 
tional vehicle. Thus, there is the potential for a great deal 
of exhaust emissions to be released into the atmosphere 
during the many times an engine in an HEV is started and 
operated prior to the catalyst reaching its activation tem- 
perature. 

[0008] Therefore, a need exists for a vehicle and method for op- 
erating a vehicle to reduce the amount of exhaust emis- 
sions released into the atmosphere following engine 

start-up. 
Summary of Invention 

[0009] one advantage of the present invention is that it provides 
a vehicle and a method for operating a vehicle that re- 



duces the release of exhaust emissions into the atmo- 
sphere following engine start-up. 

[0010] Another advantage of the invention is that it reduces 
emissions while still providing driver demanded power. 

[001 1] The invention also provides a method for operating a ve- 
hicle to reduce exhaust emissions. The vehicle includes an 
engine, an electric machine, an energy storage device ca- 
pable of providing energy to operate the electric machine, 
and a catalyst for facilitating a reaction in exhaust gas 
from the engine. The method includes setting at least one 
engine parameter to effect an increase in a rate of tem- 
perature increase of the catalyst when the engine is oper- 
ating. This decreases the time required for the catalyst to 
reach a temperature whereat emissions are reduced. The 
engine is operated such that the engine output power is 
generally constant when an output power of the energy 
storage device is within a first predetermined range. The 
at least one engine parameter is adjusted, thereby chang- 
ing the engine output power, when the output power of 
the energy storage device is outside the first predeter- 
mined range. The at least one engine parameter is ad- 
justed to facilitate a change in the output power of the 
energy storage device from outside the first predeter- 



mined range into the first predetermined range. 
[0012] The invention further provides a method for operating a 
vehicle to reduce exhaust emissions. The vehicle includes 
an engine, an electric machine, an energy storage device 
capable of providing energy to operate the electric ma- 
chine, and a catalyst for facilitating a reaction in exhaust 
gas from the engine. The method includes determining a 
desired output power for the vehicle. The vehicle is oper- 
ated in a first mode when at least one predetermined con- 
dition is met. The first mode includes providing at least 
some of the desired vehicle output power with the electric 
machine when the desired vehicle output power is non- 
zero. At least one engine parameter is set to effect an in- 
crease in a rate of temperature increase of the catalyst 
when the engine is operating. The engine is operated such 
that engine output power is generally constant when an 
output power of the energy storage device is within a first 
predetermined range. The first mode also includes adjust- 
ing the at least one engine parameter, thereby changing 
the engine output power, when the output power of the 
energy storage device is outside the first predetermined 
range. The at least one engine parameter is adjusted to 
facilitate a change in the output power of the energy stor- 



age device from outside the first predetermined range 
into the first predetermined range. The method also in- 
cludes operating the vehicle in a second mode when the at 
least one predetermined condition is not met. The second 
mode includes operating the engine at least partly based 
on the desired vehicle output power and a state of the en- 
ergy storage device. 
[0013] The invention also provides a vehicle that includes an en- 
gine, an electric machine operable to drive the vehicle, 
and an energy storage device capable of providing energy 
to operate the electric machine. The vehicle also includes 
a catalyst capable of facilitating a reaction in exhaust gas 
from the engine, and at least one controller. The at least 
one controller is configured to set at least one engine pa- 
rameter to effect an increase in a rate of temperature in- 
crease of the catalyst when the engine is operating. This 
decreases the time required for the catalyst to reach a 
temperature whereat emissions are reduced. The at least 
one controller is further configured to control the engine 
to provide a generally constant output power when an 
output power of the energy storage device is within a first 
predetermined range. The controller is further configured 
to adjust the at least one engine parameter, thereby 



changing the engine output power, when the output 
power of the energy storage device is outside the first 
predetermined range. The at least one engine parameter 
is adjusted to facilitate a change in the output power of 
the energy storage device from outside the first predeter- 
mined range into the first predetermined range. 
Brief Description of Drawings 

[0014] Figure 1 is a schematic representation of a vehicle in ac- 
cordance with the present invention; 

[0015] Figure 2 is a graph illustrating different regions of battery 
output power; 

[0016] Figure 3 is a flowchart illustrating a method in accordance 

with the present invention; and 

[0017] Figure 4 is a graph illustrating various modes of operation 

of the vehicle shown in Figure 1. 
Detailed Description 

[0018] Figure 1 shows a schematic representation of a vehicle 10 
in accordance with the present invention. The vehicle 10 
includes an engine 12 and an electric machine, or genera- 
tor 14. The engine 12 and the generator 14 are connected 
through a power transfer unit, which in this embodiment 
is a planetary gear set 16. Of course, other types of power 



transfer units, including other gear sets and transmissions 
may be used to connect the engine 12 to the generator 
14. The planetary gear set includes a ring gear 18, a car- 
rier 20, planet gears 22, and a sun gear 24. 
[0019] The generator 14 can also be used as a motor, outputting 
torque to a shaft 26 connected to the sun gear 24. Simi- 
larly, the engine 12 outputs torque to a shaft 28 con- 
nected to the carrier 20. A brake 30 is provided for stop- 
ping rotation of the shaft 26, thereby locking the sun gear 
24 in place. Because this configuration allows torque to be 
transferred from the generator 14 to the engine 12, a 
one-way clutch 32 is provided so that the shaft 28 rotates 
in only one direction. Having the generator 14 operatively 
connected to the engine 12, as shown in Figure 1, allows 
the speed of the engine 12 to be controlled by the gener- 
ator 14. 

[0020] The ring gear 18 is connected to a shaft 34, which is con- 
nected to vehicle drive wheels 36 through a second gear 
set 38. The vehicle 10 includes a second electric machine, 
or motor 40, which can be used to output torque to a 
shaft 42. Other vehicles within the scope of the present 
invention may have different electric machine arrange- 
ments, such as more or less than two electric machines. In 



the embodiment shown in Figure 1, the motor 40 and the 
generator 14 can both be used as motors to output 
torque. Alternatively, each can also be used as a genera- 
tor, outputting electrical power to a high voltage bus 44 
and to an energy storage device, or battery 46. 

[0021] The battery 46 is a high voltage battery that is capable of 
outputting electrical power to operate the motor 40 and 
the generator 14. Other types of energy storage devices 
and/or output devices can be used with a vehicle, such as 
the vehicle 10. For example, a device such as a capacitor 
can be used, which, like a high voltage battery, is capable 
of both storing and outputting electrical energy. Alterna- 
tively, a device such as a fuel cell may be used in conjunc- 
tion with a battery and/or capacitor to provide electrical 
power for the vehicle 10. 

[0022] a s shown in Figure 1, the motor 40, the generator 14, the 
planetary gear set 16, and a portion of the second gear 
set 38 may generally be referred to as a transaxle 48. To 
control the engine 12 and the components of the 
transaxle 48 — i.e., the generator 14 and motor 40 — a 
controller 50 is provided. As shown in Figure 1, the con- 
troller 50 is a vehicle system controller (VSC), and al- 
though it is shown as a single controller, it may include 



multiple controllers. For example, the VSC 50 may include 
a separate powertrain control module (PCM), which could 
be software embedded within the VSC 50, or it could be a 
separate hardware device. 

[0023] a controller area network (CAN) 52 allows the VSC 50 to 
communicate with the transaxle 48 and a battery control 
module (BCM) 54. Just as the battery 46 has the BCM 54, 
other devices controlled by the VSC 50 may have their 
own controllers. For example, an engine control unit (ECU) 
may communicate with the VSC 50 and may perform con- 
trol functions on the engine 12. In addition, the transaxle 
48 may include one or more controllers, such as a 
transaxle control module (TCM), configured to control 
specific components within the transaxle 48, such as the 
generator 14 and/or the motor 40. 

[0024] The vehicle 10 also includes a catalytic converter, or cata- 
lyst 56, which receives exhaust gas from the engine 12, 
and facilitates reactions within the exhaust gas to reduce 
emissions introduced into the atmosphere. In order for 
the catalyst 56 to effectively create the reactions within 
the exhaust gas to reduce emissions, it is desired to have 
the catalyst 56 quickly reach its activation, or light-off 
temperature. Thus, the present invention contemplates 



setting at least one engine parameter to quickly increase 
the temperature of the catalyst 56. For example, the 
amount of air provided to the engine 12, the amount of 
fuel provided to the engine 12, the engine spark timing, 
or some combination thereof, can be set to effect a fast 
temperature rise in the catalyst 56. In particular, the spark 
timing of the engine 12 may be retarded to effect an in- 
crease in the rate of temperature increase of the catalyst 
56 — i.e., retarding the spark timing heats the catalyst 56 
more quickly than it would otherwise be heated. Such an 
engine control may be preprogramed into the VSC 50, 
which receives a number of inputs, including the temper- 
ature of the catalyst 56. 
[0025] As discussed above, retarding the spark on an engine can 
reduce the engine output power. The present invention 
helps to compensate for this by augmenting the engine 
power with power from the motor 40 and/or generator 
14, both of which receive energy from the battery 46. As 
discussed in detail below, the present invention includes 
controlling the engine 12 to quickly heat the catalyst 56, 
but also ensures that the vehicle 10 is provided with 
enough power to meet driver demands. How the engine 
12 is controlled depends, at least in part, on the state of 



the battery 46. 

[0026] Figure 2 shows a graph representing the output power of 
the battery 46. Above the zero power line, the battery 46 
is supplying powering to one or more vehicle devices, and 
is therefore discharging. Conversely, below the zero 
power line, the battery 46 is receiving power, and is 
therefore charging. Turning first to the discharge power 
side, a first predetermined range, Zone A, is bounded by 
the zero power line and a discharge set point line. The lo- 
cation of the discharge set point line is determined by a 
calibration number (CAL 2). The calibration number, CAL 
2, is set close to the zero power line, but far enough away 
such that the battery 46 can provide the power to keep 
the vehicle 10 idling, or even moving slowly, and still be 
within Zone A. 

[0027] As shown in Figure 2, a third predetermined range, Zone 
C, is the farthest from the zero power line. Zone C is 
bounded by the discharge power limit, and a second line 
which is offset from the discharge power limit by the cali- 
bration number CAL 1. The discharge power limit is a 
function of the battery 46 itself — i.e., different batteries 
may have different discharge power limits — and the par- 
ticular operating conditions of the battery 46. For exam- 



pie, the temperature of the battery 46 and the state of 
charge of the battery 46 will both affect the discharge 
power limit of the battery 46. In particular, as the temper- 
ature of the battery 46 decreases, the discharge power 
limit also decreases. Similarly, as the state of charge of 
the battery 46 decreases, the discharge power limit also 
decreases. Thus, the discharge power limit line, as shown 
in Figure 2, may be farther away from, or closer to, the 
zero power line, depending on the operating state of the 
battery 46. 

[0028] The discharge power limit, and other information about 

the battery 46, is communicated to the VSC 50 by the BCM 
54. The calibration number CAL 1 is determined, at least 
in part, by the response time of the engine 12. That is, 
CAL 1 should be large enough so that if the battery is op- 
erating in Zone C, operation of the engine 12 can be ad- 
justed to drive the battery back towards Zone A before the 
discharge power limit is reached. Therefore, if the engine 
12 has a fast response time, the calibration number CAL 1 
can be smaller than for an engine having a slower re- 
sponse time. 

[0029] As shown in Figure 2, a second predetermined range, 

Zone B, resides between Zone A and Zone C. As discussed 



in more detail below, the control of the engine 12 will be 
different if the battery 46 is operating in Zone B, rather 
than in Zone C. It is worth noting that because the dis- 
charge power limit is dependent on the operating condi- 
tions of the battery 46, the actual range of Zones A, B, and 
C may change as the vehicle 10 is operated. For example, 
Zone B will increase in size as the discharge power limit 
gets farther from the zero power line. This is because the 
calibration numbers CAL 1 and CAL 2 will remain constant 
such that the size of Zones A and C does not change. 
Conversely, if the discharge power limit gets closer to the 
zero power line, Zone B will decrease in size. In fact, if the 
discharge power limit gets small enough, Zone B may be 
completely collapsed. If the discharge power limit contin- 
ues to approach the zero power line, the size of Zone A 
may also be decreased. Taken to its extreme, the dis- 
charge power limit can continue to approach zero until 
even Zone C is reduced or eliminated entirely. 
[0030] on the other side of the zero power line — i.e., where the 
battery 46 is charging, Zones A', B' and C are defined 
similarly to Zones A, B and C. Although the graph shown 
in Figure 2 appears to be symmetrical about the zero 
power line, and indeed it may be, it may also be asym- 



metrical. Thus, two different calibration numbers, CAL 3 
and CAL 4, are used in place of CAL 1 and CAL 2. In prac- 
tice, CAL 4 may be set very large, such that Zone A' comes 
very close to the charge power limit. This means that the 
engine operating point is not adjusted until the battery 
output power is very close to the charge power limit. 
When both sides of the zero power line are being consid- 
ered, the first predetermined range will include Zones A 
and A'. Similarly, the second predetermined range will in- 
clude Zone B when the battery 46 is discharging, and Zone 
B' when the battery 46 is charging. So too, the third pre- 
determined range will include Zone C when the battery 46 
is discharging, and Zone C when the battery 46 is charg- 
ing. 

[0031] using Figures 1 and 2 for reference, Figure 3 shows a 

flowchart 58 illustrating a method of the present inven- 
tion. At step 60, it is determined whether the engine 12 
has been started. Because the vehicle 10 is an HEV, an en- 
gine start may occur upon ignition by the vehicle driver, 
or the engine 12 may be automatically started according 
to power demands on the vehicle 10. The desired power 
output for the vehicle 10 can be determined by the VSC 
50, based on any of a number of different inputs. For ex- 



ample, driver demands such as accelerator pedal position, 
brake pedal position, and transmission gear selection, 
may be used by the VSC 50 to determine the desired out- 
put power for the vehicle 10. 

[0032] As discussed above, at least one engine parameter is set 
to quickly heat the catalyst 56 after the engine 12 is 
started. At decision block 62 in Figure 3, it is determined 
whether the catalyst 56 is at its light-off temperature. As 
explained below, monitoring the catalyst temperature is 
an ongoing process. For the sake of clarity, only one cata- 
lyst temperature check is shown in Figure 3 — i.e., at deci- 
sion block 62 — but it is understood that the catalyst tem- 
perature measurement is updated at some predetermined 
interval. Thus, multiple determinations are made as to 
whether the catalyst is at its light-off temperature. 

[0033] if the catalyst 56 is not at its light-off temperature, it is 
next determined whether the battery 46 is operating 
within Zone A — see decision block 64. It is worth noting 
that the flowchart 58, shown in Figure 3, addresses only 
the discharge side of the battery output power graph 
shown in Figure 2. Indeed, as desired, the present inven- 
tion may be used only when the battery 46 is discharging- 
-i.e., when the battery output power is above the zero 



power line, or conversely, only when it is charging. The 
present invention can also be used to address both sides 
of the zero power line shown in Figure 2 — i.e., when the 
battery 46 is charging or discharging. 
[0034] \f t at decision block 64, it is determined that the battery 
46 is operating in Zone A, the engine 12 is operated to 
keep the engine output power generally constant — see 
step 66. This allows the engine 12 to continue operation 
with its spark retarded, thereby quickly heating the cata- 
lyst 56. The term "generally constant", as used herein, 
contemplates that some variation in engine output power 
may be present as a result of the limitations on the engine 
controls. When the battery 46 is operating in Zone A, it is 
capable of providing the necessary power to the vehicle 
10 to compensate for the reduction in engine power 
caused by the spark retard. After step 66, the method 
loops back into decision block 62 where the temperature 
of the catalyst 56 is again checked against the light-off 
temperature. 

[0035] |f a t decision block 64, it is determined that the battery 46 
is not operating in Zone A, it is then determined whether 
the battery 46 is operating in Zone B — see decision block 
68. Again, Zone B can be replaced with Zones B' and B, if 



the method is to include battery charging and discharg- 
ing. If, at decision block 68, it is determined that the bat- 
tery 46 is operating in Zone B, the operating point of the 
engine 12 is slowly moved to drive the operating point of 
the battery 46 back into Zone A — see step 70. 
[0036] when it is determined that the battery 46 is operating in 
Zone B, at least two things are known: the battery 46 is 
operating beyond the discharge set point, and it is farther 
than CAL 1 from the discharge power limit. Therefore, al- 
though it is desirable to have the battery 46 operating in 
Zone A, the battery is not operating close enough to the 
discharge power limit to warrant a severe change in en- 
gine operating conditions. This is why the engine operat- 
ing point can be moved slowly at step 70. One example of 
moving the engine operating point, as shown in step 70, 
would be to reduce the spark retard on the engine 12, 
such that the engine 12 begins to output more power. 
This means that the catalyst 56 will be heated somewhat 
less quickly than desired, but that the battery 46 can out- 
put less power so that its operating point may be driven 
back to Zone A. The operating point of the engine 12 is 
moved slowly by using filters within the control software 
residing in the VSC 50. This provides a smoother transi- 



tion so that the vehicle driver does not feel an abrupt 
change as the engine 12 starts to produce more power to 
drive the vehicle 10. Moreover, moving the engine operat- 
ing point slowly allows for greater control and fewer tran- 
sients. This is desirable, since transients may increase 
emissions. After step 70, the method loops back to deci- 
sion block 64 to once again determine whether the battery 
46 is operating within Zone A. 
[0037] at decision block 68, it is determined that the battery 
46 is not operating in Zone B, the engine operating point 
must be quickly moved to try to drive the battery opera- 
tion back into Zone A — see step 72. Step 72 contemplates 
that the battery is operating in Zone C, or in an extreme 
case, beyond Zone C. Thus, it is important to move the 
engine operating point quickly, even though the driver 
may notice the transition of power being output from the 
battery 46 to the power being output from the engine 12. 
As discussed above, if the method is used to address both 
charging and discharging of the battery 46, step 72 will 
apply to Zone C and beyond, as well as Zone C and be- 
yond. If the battery is operating in Zone C or beyond, the 
engine operating point may be changed by cutting off fuel 
to the engine 12, thereby eliminating any charging of the 



battery 46 by the engine 12. 

[0038] |f the battery 46 is operating in Zone C, it is necessary to 
quickly move the engine operating point, so that the bat- 
tery 46 does not reach the discharge power limit. Even so, 
it may be desirable to provide some filter to the change in 
engine operating point. Such a filter will necessarily be a 
faster filter than the one used when the battery 46 is op- 
erating in Zone B. After the engine operating point is 
moved at step 72, the method loops back to decision 
block 68, where it is determined whether the battery 46 
has been driven back into Zone B. Thus, the present in- 
vention operates the engine 12 to quickly heat the catalyst 
56, unless the battery 46 requires an increase in output 
power from the engine 12. In such cases, the engine 12 
provides the necessary power to drive the operation of the 
battery 46 back toward Zone A, where the engine 12 can 
again be operated to quickly heat the catalyst 56. 

[0039] Returning to decision block 62 in Figure 3, it is shown 

that once the catalyst 56 has reached its light-off temper- 
ature, another decision is made. Specifically, at decision 
block 74, it is determined whether the temperature check 
was the first temperature check for the catalyst 56. As 
noted above, the catalyst temperature is checked on an 



ongoing basis, and a different exit strategy is employed if 
the temperature check is the first check after the engine 
12 is started. If the catalyst 56 is at or above its light-off 
temperature, and if it is the first time after engine start 
that the temperature has been checked, the method is 
ended — see block 76. 
[0040] if the catalyst 56 reaches its light-off temperature on a 
temperature check subsequent to the first, a transition 
occurs at step 78, and then the method ends at step 76. 
The operation of the method shown in Figure 3, and the 
transition and subsequent exit out of the method, are dia- 
grammatically illustrated in Figure 4. As shown in Figure 
4, the vehicle 10 is operated in a first mode, Mode 1, 
which corresponds generally to steps 60-72 in Figure 3. 
Next, there is a Transition Mode, which corresponds to 
step 78 in Figure 3, and finally, the vehicle 10 is operated 
in a second mode, Mode 2, after the transition is com- 
plete. Operation of the vehicle 10 in Mode 1 includes 
those steps described above to reduce exhaust emissions 
prior to the catalyst 56 reaching its light-off temperature. 
In general, this may be referred to as a cold start strategy 
for reduced emissions (CSSRE). Referring to Figure 3, 
Mode 1 ends, and a transition begins, after the catalyst 56 



has reached its light-off temperature. It is worth noting 
that the transition mode may also be initiated when the 
engine 12 has been operating for some predetermined 
amount of time, even if the catalyst 56 has not reached its 
light-off temperature. This helps to ensure that the vehi- 
cle 10 will not run the CSSRE indefinitely. 
[0041] As discussed above, Mode 1 represents a cold start strat- 
egy that controls the vehicle 10, and in particular the en- 
gine 12, to quickly heat the catalyst 56. Conversely, the 
vehicle 10 is operated in Mode 2 based on other consider- 
ations. For example, in Mode 2, the engine 12 is operated, 
at least in part, based on the desired vehicle output power 
and the state of operation of the battery 46. For example, 
when the battery 46 needs to be charged, the engine 12 
will provide output power to drive vehicle 10, and to 
charge the battery 46. Conversely, if the battery 46 has 
ample charge, it may provide some of the power used to 
drive vehicle 10, thereby facilitating a reduction in the 
power output from the engine 12. Because there may be a 
large change in power output from the engine 12 when 
Mode 1 ends and Mode 2 begins, a transition mode is 
provided to help make the change from Mode 1 to Mode 2 
transparent to the driver. 



[0042] a s shown in Figure 4, there are two different Transition 
Modes — one at the bottom of the graph, and one at the 
top. The two different Transition Modes merely illustrate 
two different ways by which the Transition Mode can be 
exited, such that Mode 2 begins. As discussed above, in 
conjunction with Figures 2 and 3, moving the engine op- 
erating point to drive the operation of the battery 46 back 
into Zone A employs the use of a filter to make the transi- 
tion smooth. The Transition Mode between Mode 1 and 
Mode 2 also employs a filter to ensure that the output 
power of the engine 12 is not changed too abruptly. 

[0043] Figure 4 shows the engine output power during Mode 1 at 
a first level — 5 kilowatts (KW). The 5 KW output power is 
used here for illustrative purposes only, and represents 
the situation where the engine output power remains gen- 
erally constant — see step 66 in Figure 3. To illustrate the 
transition to Mode 2, Figure 4 assumes that the desired 
engine output power increases to a second level — 10 KW 
in Mode 2. As shown in Figure 4, the transition between 
the 5 KW level and the 10 KW level is carried out along a 
curve that gradually increases the engine power so that 
the increase is transparent to the vehicle driver. At the 
bottom of Figure 4, the Transition Mode is relatively short. 



This is because the engine output power is increased until 
the point where the curve hits the line Exit 1. Exit 1 repre- 
sents a sharp increase in power demanded by the vehicle 
driver. In such a case, the Transition Mode exits, and the 
output power of the engine 12 changes abruptly. This 
abrupt change is allowed to occur because the vehicle 
driver is expecting such a change. In contrast, if the vehi- 
cle driver does not demand a sharp increase in power, the 
Transition Mode continues, and the filtering of the change 
in engine output power also continues. 

[0044] without a sharp increase in driver demanded power, the 
Transition Mode will continue until the engine output 
power is within a predetermined amount from the desired 
power level of Mode 2, in this case 10 KW. The length of 
the line "Exit 2" represents this predetermined amount, 
and is set close enough to the Mode 2 power level that the 
driver will not notice the change out of the Transition 
Mode into Mode 2. Thus, the present invention provides a 
number of advantages, including a strategy for reducing 
emissions on cold start, and a smooth transition out of 
the cold start strategy into normal vehicle operation. 

[0045] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 



which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



